Levels of HDL cholesterol (HDL-C) are inversely correlated with risk of diabetes mellitus (1) , and administration of reconstituted HDL to patients with diabetes mellitus enhances b-cell function (2) . HDL protects b cells from apoptosis and inhibits the pro-apoptotic effects of LDL on islets (3) . How HDL exerts these beneficial effects on b cell survival and function is unknown, but it has been hypothesized that these effects are mediated by ATP transporters, known to be critical for b-cell function (4, 5), or, alternatively, via an effect of HDL on the subcellular distribution of cholesterol and its metabolites and their interactions with various cellular receptors. In this issue of the Journal of Lipid Research, Yalcinkaya and colleagues provide new evidence in support of an important role of oxysterols and hedgehog signaling in mediating the effect of HDL on b-cell survival.
Using the immortalized rat b-cell line INS-1e and HDL isolated from human plasma, the authors report on an elegant series of experiments in which they used siRNA or pharmacological agents to inhibit various steps involved in cholesterol transport, metabolism, and signaling. They demonstrate that treating INS-1e cells with either HDL or CSL-111, a form of artificially reconstituted HDL and the precursor to the molecule CSL-112 currently being tested in clinical trials (6) , can prevent ER stress-dependent cell death induced by the sarco/ER Ca 2+ ATPase inhibitor thapsigargin. Silencing of either ABCA1 or ABCG1 abrogated the ability of HDL or CSL-111 to prevent thapsigargin-induced cell death, indicating that the sterol efflux mediated by these transporters is essential for the anti-apoptotic effect of HDL. Incubation of INS-1e cells with HDL or CSL-111 resulted in efflux of specific sterols, namely 7a-hydroxycholesterol, 7b-hydroxycholesterol, and 24-and 25-hydroxycholesterol. Interestingly, supplementing HDL with either 24-or 25-hydroxycholesterol enhanced the anti-apoptotic effects of HDL. Consistent with this observation, silencing of CYP46A1, which produces 24-hydroxycholesterol from cholesterol, entirely abrogated the anti-apoptotic effects of HDL on b cells. This effect could be rescued, to some extent, by supplementation with 24-or 25-hydroxycholesterol, indicating that the presence of these specific oxysterols is necessary for the anti-apoptotic effects of HDL.
Because oxysterols are known to regulate the activity of the hedgehog signaling molecule Smoothened (SMO), the authors next investigated whether SMO is required for the pro-survival effects of HDL on b cells. siRNA-mediated or pharmacological inhibition of SMO blunted the antiapoptotic effects of HDL. Treatment of INS-1e cells with thapsigargin decreased the nuclear abundance of GLI family zinc finger 1, a transcription factor downstream of SMO, an effect that was blocked by treatment with HDL.
Collectively, these results provide detailed new insight into the mechanisms by which HDL particles exert their beneficial, anti-apoptotic effects on b cells. By demonstrating that the anti-apoptotic effects of HDL are dependent on specific oxysterols, this work also deepens our understanding of the mechanisms of lipotoxicity and its role as an important component of b cell failure in the progression of diabetes. These results also highlight the exquisite importance of cellular homeostatic regulation of not only cholesterol but also of other sterols as well as for b cell function. Finally, these results hint at a potential benefit that HDL-based therapies may have on b cells. In this regard, it is worthwhile noting that CSL-112, a derivative of the CSL-111 molcule used in this study, is currently being evaluated in the Study to Investigate CSL112 in Subjects With Acute Coronary Syndrome (AEGIS-II) (https://clinicaltrials.gov/ ct2/show/NCT03473223). The estimated completion date of this trial is 2022, and it is fascinating to speculate on what effects this molecule may have on glycemic parameters in humans.
Nonetheless, many caveats remain. The experiments in the present study were conducted in immortalized rat b cells. Validating the relevance of these findings in primary islets, including human cells, and in vivo will be important. In addition, although substantial preclinical and mechanistic data now link HDL with islet function, the importance of these findings for human physiology remains uncertain, and Mendelian randomization has indicated that genetically determined HDL cholesterol levels are not causally related to the risk for diabetes (7) . Regardless, the results of the study by Yalcinkaya and colleagues provide intriguing insights into the cellular effects of HDL on b cells and
